Information on drug resistance and transmission patterns of tuberculosis (TB) in foreign-born patients is lacking in Asia where immigration is increasing. We examined the drug-resistance profiles of 288 Mycobacterium tuberculosis isolates from foreign-born patients in South Korea, and assessed for potential transmission in the host country by analysing their IS6110 genotypes, as well as those of 4780 strains from native Korean TB patients. The prevalence of multidrugresistant (MDR) TB was 9.7 % and 42 % among new and previously treated patients, respectively. Chinese nationality was associated with MDR TB (OR China 53.0, 95 % CI 1.1-9.3). Of the 288 strains, 51 (17.7 %) formed 31 clusters, of which 22 were identical to strains from native Koreans.
INTRODUCTION
A substantial proportion of tuberculosis (TB) cases in Western Europe and North America occur among foreignborn individuals (Dahle et al., 2001; Iñigo et al., 2007; Long et al., 2002; Raviglione et al., 1993; Talbot et al., 2000) . Concerns for potential impact of imported TB cases on national TB control have led to several molecular epidemiological studies examining the contribution of immigrant TB cases to recent transmission. Some studies attribute TB in foreigners to reactivation of latent infections and conclude that foreign TB cases do not contribute to extensive transmission in the host country (Borgdorff et al., 2000; Dahle et al., 2007) . Other studies show that recent transmission likely plays an important role (Cohen & Murray, 2005) and that there is active transmission between native and immigrant populations, fuelling the concern that increased immigration sets forth challenges for future TB control (Iñigo et al., 2007; Alonso Rodríguez et al., 2009; Zhou et al., 2008) .
Migration patterns and TB control policies in Asia set a different context for spread and containment of TB compared to the Western setting. Korea presents a unique setting for studying the epidemiology of TB in migrants, as the number of registered foreign-born residents has been increasing rapidly, with a 4.8-fold increase from 182 788 in 1998 to 870 636 in 2009 (Korean Statistical Information Service, 2010 . While the burden of TB in Korea has drastically decreased since 1965 when TB prevalence was estimated at 668 per 100 000 (Hong et al., 1998) , TB incidence has stagnated at between 72 and 90/100 000 person-years since the year 2000 (WHO, 2010) . In light of the recent trend, the Korean government has introduced a comprehensive plan to reduce the burden of TB through active screening in high-risk groups, establishing public-private mix strategies, strengthening TB surveillance, ensuring monitoring and evaluation of TB management, implementing measures for efficient contact tracing and expansion of treatment for latent TB infection. One of the prominent challenges to reducing the burden of TB will be the inadvertent importation of TB from countries of higher TB burden and higher prevalence of drug-resistant TB, as well as circulation of TB in immigrant populations with poor access to health care. In order to better understand the potential impact of immigration on TB control in Korea, we conducted a retrospective molecular epidemiological study to investigate the transmission patterns and drug-resistance profiles of TB among foreign-born residents in Korea and to assess clustering of strains with Mycobacterium tuberculosis strains from native Koreans.
METHODS
Isolate selection. We selected clinical M. tuberculosis isolates archived at the Korean Institute of Tuberculosis (KIT), which routinely performs culture confirmation and drug-susceptibility testing (DST) on sputum samples referred by public health clinics in the National TB Program. In addition to the routine testing, KIT has been genotyping culture-confirmed M. tuberculosis samples from foreign-born residents since 2004. There were 1361 TB cases in foreign-born residents, including those who were diagnosed only by chest radiographs, reported to the Korean TB Surveillance System by public health clinics from 2004 to 2009. Of these, 397 were confirmed as M. tuberculosis infection by culture, and 306 culture-positive M. tuberculosis isolates were referred to the KIT for genotyping from 2004 to 2009. We report the results of 288 M. tuberculosis strains for which a sufficient amount of culture was available for genotyping and DST. We first assessed clustering among the immigrant TB genotypes to determine transmission events within the foreign-born populations. To investigate clustering with strains from native Koreans, we merged the genotype data from the foreign-born TB patients with a genotype database of 4780 culture-confirmed M. tuberculosis isolates from newly diagnosed native Korean TB patients under the age of 40 whose sputum was referred to the KIT by public health clinics from 2005 to 2009. Limited funding permitted genotyping only a portion of all isolates in the archive; thus, the KIT had decided a priori to genotype cultures only from younger TB patients in whom there is a greater expected extent of clustering.
Genotyping. M. tuberculosis isolates from both foreign-born patients and native Koreans were genotyped by IS6110 RFLP (Park et al., 2000) . Briefly, chromosomal DNA was restricted with PvuII and digested DNA was separated by PFGE. Resulting DNA banding patterns were analysed by Bionumerics 5.1 (Applied Maths) and dendrograms were generated using the Dice coefficient and the unweighted pair group method with arithmetic averages. We defined clusters as those isolates with identical RFLP patterns. Clustered isolates from foreign-born residents with fewer than six DNA bands were also analysed by the standard 15-loci mycobacterial interspersed repetitive unit-variable number of tandem repeat (MIRU-VNTR) typing method for epidemiological discrimination (Supply et al., 2006) . We further characterized all the strains as being K or K family strains by RFLP patterns as previously published (Kang et al., 2010; Kim et al., 2001; Park et al., 2000) . K family strains were defined as strains with at least 80 % similarity to the K strain that also have IS6110 DNA band copies in the range of eight to 12, five of which had to coincide at exactly the same location as in the standard K strain. All K and K family strains have been previously described to be within the Beijing family of strains (Kang et al., 2010) . We ruled out the possibility of sample contamination by confirming that the date of the sample collection and culture of isolates with identical patterns were separated by more than 1 week.
DST. We summarized the DST results of M. tuberculosis isolates from foreign-born residents. Sputum samples sent by public health clinics were inoculated on Löwenstein-Jensen slants. They were tested for susceptibility to multiple drugs, using the agar proportion method, at the following concentrations: isoniazid, 0.2 mg ml 21 ; rifampicin, 40 mg ml 21 ; streptomycin, 10 mg ml 21 ; kanamycin, 40 mg ml 21 ; capreomycin, 40 mg ml 21 ; ofloxacin, 2 mg ml 21 ; moxifloxacin, 2 mg ml 21 ; amikacin, 40 mg ml 21 ; levofloxacin, 2 mg ml 21 . DST for pyrazinamide was done by pyrazinamidase test. Multidrug-resistant (MDR) TB was defined as TB resistant to at least isoniazid and rifampicin and extensively drug-resistant (XDR) TB was defined as MDR TB with additional resistance to ofloxacin and one of the three injectable second-line TB drugs capreomycin, kanamycin and amikacin.
Statistical analysis. We examined age, sex, previous TB treatment or nationality as risk factors for MDR TB or clustering by logistic regression. We performed multivariate regression with factors that were associated with the outcome at a significance level of P,0.20, and interpreted final odds ratios (OR) at the significance level of P,0.05.
RESULTS
We identified 288 TB cases in foreign-born patients reported through the public health clinics from 2004 to 2009 for which DST and genotype results were available. The largest numbers of isolates from foreign-born patients were reported in Seoul City (43 %) and the Gyeonggi province (37 %). Fifty-nine per cent of the population was male, and 62 % was under 40 years of age. The majority were Chinese (63.2 %), while a substantial number came also from the Philippines (7.6 %), Mongolia (6.9 %) and Vietnam (6.3 %) (Table 1) . Fifty-two isolates (18.1 %) were taken from patients who had received at least 1 month of TB treatment as indicated in the TB registry or by self report. Among those who were newly diagnosed, 23 (9.7 %) had MDR TB, and among those who had received TB treatment, 22 (42 %) had MDR TB. One previously treated patient had XDR TB (Table 2) . Strains from a number of foreign-born patients belonged to RLFP clusters comprising K or the K family subtype of M. tuberculosis strains, which have been found to occur endemically in Korea (Kim et al., 2001; Park et al., 2000) ( Table 4 ). Of note, clusters M1 and M3 were particularly large, mostly comprising strains from native Korean TB cases, with a few strains from cases from China, Mongolia and Taiwan. Other clusters were composed of strains that did not belong to the K family subtypes, and contained relatively fewer strains from cases among native Koreans. Eight clusters among cases in foreign-born patients contained an MDR TB strain, all of which were isolated from patients from China. DST results of clustered strains from native Koreans were not available for this study (Table 4 ).
In a univariate analysis, we found that age, sex, previous TB treatment, Chinese nationality and MDR status were not associated with clustering (Table 3) .
DISCUSSION
Contrary to the notion that TB disease among immigrants results from reactivation of a previous infection (Borgdorff et al., 2000; Dahle et al., 2007) , we found that active transmission may be occurring among different foreign-born population groups and between foreignborn individuals and the native Koreans, as evidenced by multinational clusters. Interestingly, we suspect that in some incidences, native Korean TB patients may be the source of infection for foreign-born TB patients, as K family strains endemic in Korea (Kim et al., 2001; Park et al., 2000) were identified in foreign-born TB patients. A previous study in Norway also found that outbreaks of TB involving foreign-born individuals were often determined to be of Norwegian origin (Dahle et al., 2003) . The origin of strains uncommon in Korea was less clear; some strains, especially those with high RFLP copy numbers, resembled a modern Beijing family type that may have potential for global transmission as they have been identified in multiple countries surrounding Korea (Kang et al., 2010) . (Moniruzzaman et al., 2006 ), Hong Kong (Law et al., 2008 and Australia (Lumb et al., 2006) . The high prevalence of MDR TB in people from China is of concern given that people from allow further discrimination of strains in clusters determined by IS6110. While genotyping by IS6110 is useful for discriminating strains, its results are often limited in portability and challenging to compare across laboratories (Mathema et al., 2006) . Considering also the fact that M. tuberculosis strains in certain countries in Asia (i.e. Vietnam and the Philippines) often present fewer than six IS6110 bands, future research should consider the use of genotyping techniques, such as MIRU-VNTR typing, that would be optimal for discriminating and comparing strains across different settings. Further, details on the date of entry into Korea and contact tracing were lacking, thus we were not able to determine the temporal and spatial context of the transmission. Nonetheless, the use of molecular epidemiological data provides information on transmission events that would not be available from standard contact tracing (Borrell et al., 2009 ). In addition, records on previous TB treatment outside Korea were determined by self-report; thus, previously treated TB cases may have been misclassified as newly diagnosed, biasing the prevalence of primary and acquired MDR TB.
In conclusion, we found that while the clustering rate was not high, the clusters showed the potential for active crosscultural transmission of TB among foreign-born individuals, with possible transmission to and from the native Korean community. Further, we determined that MDR TB prevalence was high among foreign-born TB patients referred to public sector clinics. In light of the findings from our study, we recommend a larger molecular epidemiological study in the greater Asian context to investigate the extent of international transmission of TB, particularly of MDR forms.
